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INTRODUCTION 

Management o f  P a c i f i c  salmon (Oncorhynchus) f i s h e r i e s  i s  an a c t i v e  process o f  
conse rva t i on  o f  t h e  s tocks  and a l l o c a t i o n  o f  catches among compet ing user  
groups. Management o b j e c t i v e s  a re  e s t a b l i s h e d  t o  f u l f i l l  t h e  economic, s o c i a l ,  
and l e g a l  demands o f  t h e  p u b l i c  w i t h i n  t h e  b i o l o g i c a l  c o n s t r a i n t s  o f  t h e  
resource .  The dual  r e s p o n s i b i l i t y  o f  t h e  f i s h e r i e s  manager, t o  conserve and t o  
a l l o c a t e ,  has been t h e  impetus f o r  development and imp lementa t ion  o f  new 
techn iques  o f  s t o c k  assessment. The i n f o r m a t i o n  p rov i ded  i n  new s t o c k  assessment 
techn iques  enable  f i s h e r i e s  managers t o  eva lua te ,  q u a n t i t a t i v e l y ,  management 
performance i n  meet ing t h e  dual  o b j e c t i v e s  o f  conse rva t i on  and a l l o c a t i o n .  A  key 
i n n o v a t i o n  i n  t h e  development o f  new s tock  assessment techniques has been t h e  
imp1 ementat ion o f  v a r i o u s  s tock  i d e n t i f i c a t i o n  methods as r o u t i n e  (i .e., 
i n f o r m a t i o n ,  such as enumerat ion o f  ca t ch  and escapement, t h a t  i s  c o l l e c t e d  on 
an annual b a s i s )  f i s h e r i e s  management p r a c t i c e s .  

Stock i d e n t i f i c a t i o n  methods a re  used t o  es t ima te  s t o c k - s p e c i f i c  and age- 
s p e c i f i c  ca t ch  i n  mixed s tock  f i s h e r i e s .  Th i s  i n f o r m a t i o n ,  when combined w i t h  
a g e - s p e c i f i c  and s t o c k - s p e c i f i c  es t imates  o f  escapement, r e s u l t  i n  s t ock -  
s p e c i f i c  es t ima tes  o f  t o t a l  r e t u r n .  T h i s  i n f o r m a t i o n  can r e s u l t  i n  more accura te  
f o r e c a s t s  ( bo th  in-season and pre-season) o f  r u n  s t r e n g t h  and es t ima tes  o f  
op t ima l  escapement goal  s.  I n  s i t u a t i o n s  where s tock - spec i  f i  c  catches a re  
s t r a t i f i e d  by space and t ime, managers a re  o f t e n  ab le  t o  implement s t o c k -  
s p e c i f i c  ha r ves t  s t r a t e g i e s .  Wi th  s t ock  s p e c i f i c  ha r ves t  s t r a t e g i e s ,  managers 
a re  more c o n s i s t e n t  i n  ach iev i ng  escapement goa l s  and p r o v i d e  f o r  conse rva t i on  
o f  t h e  s t ocks  d u r i n g  p e r i o d s  o f  l ow  abundance and f o r  h i g h e r  average sus ta i ned  
ha rves t  1  eve1 s.  F i n a l l y ,  knowledge o f  s t o c k - s p e c i f i c  catches, enables t h e  
p o l  i t i c a l  r e s o l u t i o n  o f  t h e  a1 l o c a t i o n  i ssues .  F i n a l l y ,  n e g o t i a t e d  e q u i t y  
arrangements i n  c o n j u n c t i o n  w i t h  s t o c k  s p e c i f i c  ha r ves t  s t r a t e g i e s ,  enable  
ha rves tab le  su rp luses  t o  be shared among competing user  groups th rough  t h e  
imp lementa t ion  o f  s p e c i f i c  management measures. 

Th i s  paper rev iews  t h e  ma jo r  a p p l i c a t i o n  o f  s t o c k  i d e n t i f i c a t i o n  methods t h a t  
a re  used i n  t h e  management o f  Alaskan salmon f i s h e r i e s .  Four a p p l i c a t i o n s  a re  
reviewed. 1. Sca le  p a t t e r n  a n a l y s i s  (SPA) i s  r o u t i n e l y  used i n  t h e  management 
o f  t e r m i n a l  ha r ves t  sockeye salmon f i s h e r i e s  on mixed s tocks  f rom r i v e r  systems 
t h a t  c o l l e c t i v e l y  t e rm ina te  i n  t h e  f i s h i n g  area. The n i n e  cases, ( B r i s t o l  Bay, 
Nor th  Peninsu la ,  Chign ik ,  Kodiak, Upper Cook I n l e t ,  Copper - Be r i ng  R i ve r ,  Lynn 
Canal, Taku - Snett isham, and t h e  Sumner S t r a i t  - S t i k i n e  R i v e r )  where SPA i s  
used i n  A1 aska sockeye salmon f i s h e r i e s  management a re  rev iewed.  2.  SPA i s  used 
t o  a p p o r t i o n  catches o f  ch inook salmon i n  Yukon R i v e r  f i s h e r i e s  t o  lower ,  m idd le  
and u p r i v e r  s tocks .  The appor t ioned  catches t o g e t h e r  w i t h  es t imates  o f  u p r i v e r  
escapement t a g g i n g  i s  used t o  determine s t o c k - s p e c i f i c  r a t e s  o f  e x p l o i t a t i o n  i n  
f i s h e r i e s  th roughou t  t h e  Yukon dra inage.  3.  A  massive t agg ing  s tudy  was 
conducted i n  1987 t o  es t ima te  t h e  s t o c k  compos i t i on  o f  sockeye and chum salmon 
catches i n  t h e  i n t e r c e p t i o n  f i s h e r y  t h a t  occurs  i n  June i n  t h e  v i c i n i t y  o f  
Unimak and Shumagin I s l ands .  4 .  Massive coded w i r e  t a g g i n g  (CWT) i s  used t o  
determine ha t che ry  and w i l d  s t ock  composi t ion o f  p i n k  salmon catches i n  t h e  
P r i nce  W i l l i a m  Sound purse  se ine  f i s h e r y .  



METHODS 

The o b j e c t i v e  o f  s t ock  i d e n t i f i c a t i o n  i n  salmon f i s h e r i e s  management i s  t o  
determine t h e  s t o c k - s p e c i f i c  catches i n  mixed s tocks  f i s h e r i e s .  I n  o rde r  t o  
i d e n t i f y  t h e  s tock  o f  o r i g i n  o f  i n d i v i d u a l  f i s h  i n  t h e  catch,  a  s t o c k - s p e c i f i c  
marker must e x i s t  i n  t h e  popu la t i on  e x p l o i t e d  by t h e  f i s h e r y .  These methods f a l l  
i n t o  two ca tago r i es ,  those  us ing  b i o l o g i c a l  markers and those u s i n g  man-i nduced 
phys i ca l  markers.  I n  t h e  f i r s t  category,  t h e  marker i s  a  p r e - e x i s t i n g  b i o l o g i c a l  
a t t r i b u t e  t h a t  c l u s t e r s  accord ing t o  management u n i t s  o r  s tocks  and i s  
s u f f i c i e n t l y  d i s t i n c t i v e  t o  enable t h e  s t a t i s t i c a l l y  re1  i a b l e  sepa ra t i on  of 
catches i n t o  s tocks.  D i s t i n c t i v e  sca le  p a t t e r n s  o f  f i s h  f rom i n d i v i d u a l  o r  
aggregated r i v e r  systems i s  an example o f  a  b i o l o g i c a l  marker.  I n  t h e  second 
catagory,  a  marker i s  i n t r oduced  i n t o  t h e  s tock  by t h e  f i s h e r y  manager. Here a  
p o r t i o n  o f  t h e  s tock  i s  cap tu red  and p h y s i c a l l y  marked. The number o f  
i n d i v i d u a l s  marked must be l a r g e  enough t o  ensure t h a t  a  s t a t i s t i c a l l y  
meaningfu l  number o f  r ecove r i es  w i l l  be found i n  t he  ca tch .  Examples o f  man- 
induced markers, i n c l u d e  t h e  coded w i r e  t a g  and t h e  numbered spaghe t t i  tag .  

There a re  two phases o f  a  s tock  i d e n t i f i c a t i o n  s tudy  us ing  b i o l o g i c a l  markers.  
The f i r s t  phase i n v o l v e s  search ing f o r  an app rop r i a te  b i o l o g i c a l  marker. The 
escapement o f  each s tock  t h a t  i s  p o t e n t i a l l y  e x p l o i t e d  by t h e  f i s h e r y  i s  sampled 
( i . . ,  these  a re  r e f e r r e d  t o  "knowns" s ince  t h e  s tock  o f  o r i g i n  o f  these  
i n d i v i d u a l s  i s  known). A number o f  b i o l o g i c a l  a t t r i b u t e s  a r e  measured f o r  each 
i n d i v i d u a l  i n  t h e  "known" sample. The da ta  f rom t h e  "known" samples a re  examined 
t o  determine whether d i f f e r e n c e s  i n  t h e  b i o l o g i c a l  a t t r i b u t e s  e x i s t  among t h e  
s tocks  i n  t h e  "known" samples and whether these a t t r i b u t e s  c l u s t e r  i n  s tock  o r  
groups o f  s tocks  t h a t  correspond t o  management u n i t s .  I f  d i f f e r e n c e s  e x i s t ,  then  
a  s t a t i s t i c a l  procedure can be developed t o  es t ima te  t h e  p r o p o r t i o n  o f  s tocks  
i n  samples o f  catches.  The second phase o f  t h e  s tudy i n v o l v e s  examinat ion o f  
t h e  t h e  ca tch .  

Catches a re  sampled and, gene ra l l y ,  s t r a t i f i e d  by t ime  and area. The b i o l o g i c a l  
a t t r i b u t e s  o f  t h e  ca t ch  sample a re  measured i n  t h e  same manner t h a t  b i o l o g i c a l  
a t t r i b u t e s  were measured i n  t h e  "known" sample. The s t a t i s t i c a l  procedure i s  
then  a p p l i e d  t o  t h e  da ta  f rom t h e  sample o f  catches t o  es t ima te  s tock  
composi t ion.  

There a r e  t h r e e  phases o f  s t ock  i d e n t i f i c a t i o n  s t u d i e s  us ing  man-induced 
phys i ca l  markers. The f i r s t  phase i n v o l v e s  p l a c i n g  t h e  markers i n  t h e  p o p u l a t i o n  
a t  some p o i n t  p r i o r  t o  cap tu re  by t h e  f i s h e r y .  The second i n v o l v e s  sampl ing t h e  
catches f o r  presence o f  marked i n d i v i d u a l s .  The t h i r d  i n v o l v e s  sampl ing o f  t h e  
"known" (escapement) popu la t i on  f o r  presence o f  marked i n d i v i d u a l s  t o  es t ima te  
marked t o  unmarked r a t i o s .  To es t ima te  t h e  p r o p o r t i o n  o f  each s t o c k  which was 
a v a i l a b l e  t o  t h e  f i s h e r y ,  t h e  number o f  marks found i n  t h e  ca t ch  sample i s  
expanded f o r  un-marked i n d i v i d u a l s  o f  t h e  r e s p e c t i v e  s tock  p resen t  i n  t h e  ca t ch  
sample. The expansion i s  based on t h e  r a t i o  o f  marked t o  unmarked i n d i v i d u a l s  
i n  t h e  r e s p e c t i v e  s tock  o f  o r i g i n .  



RESULTS AND DISCUSSION 

Sca1 e Pattern Ana7ysis in Sockeye Salmon Mixed Stocks Fisheries 

Application of scale pattern analysis to  the management of Alaska's sockeye 
salmon was reviewed, in an earl i e r  paper, by Marshal 1 e t  a1 . (1987) . The reader 
i s  referred to  that  paper for  de ta i l s  of methods and background l i t e ra tu re .  
Nine examples of appl ication of scale pattern analysis are reviewed here (Figure 
1 ) .  Two of the studies (Taku - Snettisham and Sumner S t r a i t  - Stikine River) 
have been expanded and several new studies (Bristol Bay, North Alaska Peninsula, 
and Kodiak) have been implemented since the pub1 ication of Marshal 1 e t  a1 . 
(1987) . 
Scale pattern analysis i s  based on differences in the arrangement of circul i  on 
scales.  These patterns are his tor ies  of growth. Salmon with similar growth 
his tor ies  have similar scale patterns. In many cases, scale patterns cluster  by 
r iver  system of origin,  or by lakes in close proximity and similar climatic 
regimes. Because these clusters  often correspond t o  management units of stocks, 
SPA i s  extremely useful in estimating stock specific catches. 

Bristol Bay 

The Bristol Bay sockeye salmon fishery i s  the world's 1 argest. The Bri st01 Bay 
sockeye salmon runs are a t  historical maximum levels ,  and inshore catches have 
averaged over 22 million f ish since 1979. Runs to  9 r iver  systems are exploited 
in 5 terminal fishing d i s t r i c t s  (Figure 2 ) .  Both se t  and d r i f t  g i l l ne t  gear are 
used in a l l  Bristol Bay fishing d i s t r i c t s .  The fishery i s  managed by time/area 
closures implemented by emergency order, t o  achieve fixed escapement goals for 
individual r iver  systems (Minard and Meacham 1987). An extensive stock 
assessment program, including enumeration of catch and escapement, and sampling 
for age composition of catches and escapements has been in place since the early 
1950's. Estimates of total  return from parent escapement i s  available for  a l l  
major r iver  systems. These estimates assume t h a t  catches in the terminal 
fishing d i s t r i c t s  originate in the r iver  systems terminating in the respective 
d i s t r i c t  based on the re la t ive  escapement magnitude by age class  (see Eggers 
and Rogers 1987 for  background l i t e r a t u r e ) .  

The Kvichak River system i s  the largest producer of sockeye salmon, and 
contributes roughly half of the total  Bristol Bay run. The Kvichak River has 
been a cyclic dominant system, with peak run years occurring on a 4 or 5 year 
cycle depending on the freshwater age of f ish returning from cycle year 
escapements. Recently, the cyclical pattern of returns has been changing 
(Eggers and Rogers 1987). These changes have presented an opportunity to  a l t e r  
the pattern of returns t o  the Kvichak River system, from one very large run 
every f ive years, t o  three or four moderate to  large runs o u t  of every five 
years (Figure 3 ) .  A much greater economic value resul ts  from the more stable 
pattern of runs and i s  preferred over the cyclic pattern of runs by the fishing 
industry. The Department of Fish and Game has sought t o  increase off cycle 



escapement, d u r i n g  t h e  p e r i o d  1985- 1987, by decreas ing  t h e  f i s h i n g  t ime  i n  t h e  
Naknek - Kv ichak  D i s t r i c t .  

Because o f  t h e  a l t e r e d  management s t r a t e g y  f o r  t h e  Kv ichak R i v e r  system and t h e  
concomi tant  i nc rease  i n  r uns  t o  t h e  Egegi k  and Ugashi k  R i v e r  systems, t h e r e  has 
been a  l a r g e  i nc rease  i n  f i s h i n g  e f f o r t ,  s i nce  1979, i n  t h e  Egegik and Ugashik 
f i s h i n g  d i s t r i c t s  ( F i g u r e  4 ) .  The burden o f  reduced f i s h i n g  t imes  i n  t h e  
Naknek/Kvi chak D i s t r i c t  has f a1  1  en more h e a v i l y  on s e t  g i  11 n e t  f ishermen,  who 
cannot f i s h  i n  o t h e r  f i s h i n g  d i s t r i c t s  because a l t e r n a t i v e  f i s h i n g  s i t e s  i n  
those  d i s t r i c t s  a r e  n o t  a v a i l a b l e .  It i s  w e l l  known f rom t h e  e a r l y  t a g g i n g  work 
(Pennoyer and Nelson 1967, S t r a t y  1969) t h a t  f i s h  which o r i g i n a t e  i n  t h e  Kv ichak 
and Naknek R i ve rs  a re  i n t e r c e p t e d  t o  some e x t e n t  i n  t h e  Egegik and Ugashik 
D i s t r i c t s .  I n  a d d i t i o n  t o  t h e  concern by Naknek/Kvichak s e t  g i l l n e t  f ishermen,  
t h e r e  has been concern by a l l  B r i s t o l  Bay f ishermen over  e f f e c t  o f  these  
i n t e r c e p t i o n s  on ADF&Gfs a t tempts  t o  r e b u i l d  t h e  Kv ichak o f f - c y c l e  r uns .  

Wi th  t h e  i n t e r c e p t i o n s  o f  Naknek and Kv ichak R i v e r  f i s h  i n  o t h e r  e a s t s i d e  
f i s h i n g  d i s t r i c t s ,  t h e r e  i s  p o t e n t i a l  f o r  e r r o r s  i n  ca t ch  a1 l o c a t i o n  procedures 
used t o  c o n s t r u c t  t h e  escapement - r e t u r n  da ta  base (Eggers and Rogers 1987). 
For  example, p r o d u c t i o n  ( i . e . ,  r e t u r n  p e r  spawner) i s  c o n s i s t e n t l y  h i g h e r  f o r  
t h e  Egegi k  - Ugashi k  r i v e r  systems than  f o r  t h e  Naknek and Kv ichak R i v e r  systems 
( F i g u r e  5) .  I s  t h i s  h i g h e r  p roduc t i on  due t o  more f a v o r a b l e  r e a r i n g  h a b i t a t  i n  
t h e  Egegik and Ugashik R i v e r  systems o r  a re  catches o f  Naknek and Kv ichak f i s h  
be ing  c o n s i s t e n t l y  and e r roneous ly  ass igned t o  t h e  Egegik and Ugashik R i v e r  
systems. There i s  concern among ADF&G s c i e n t i s t  over  t h e  accuracy o f  t h e  
escapement - r e t u r n  d a t a  base, s i n c e  these  d a t a  a re  be ing  used t o  develop 
op t ima l  ha rves t  escapement goa l s  f o r  i n d i v i d u a l  r i v e r  systems, develop p re -  
season f o r e c a s t s  o f  abundance, and develop a1 t e r n a t  i ve ha rves t  p o l  i c i  es f o r  t h e  
Kv ichak run .  

I n  response t o  these  p u b l i c  and s c i e n t i f i c  concerns, ADF&G i n i t i a t e d  a  s t o c k  
i d e n t i f i c a t i o n  s tudy  o f  eas t s i de  ( i  .e., Naknek/Kvichak, Egegi k, and Ugashi k  
D i s t r i c t s )  catches based on sca le  p a t t e r n  a n a l y s i s  beg inn ing  i n  1986. 
Escapement sca les  o f  known o r i g i n  were used t o  c o n s t r u c t  a  four -way (Kv ichak,  
Naknek, Egegi k, and Ugashik)  l i n e a r  d i s c r i m i n a n t  model f o r  t h e  1.2, 1.3, and 2 .3  
(European c l a s s i f i c a t i o n ,  Koo 1962) age c lasses  (Cross and S t r a t t o n  1987, 1988, 
and 1989). Commercial ca t ch  sca les  (samples s t r a t i f i e d  by d i s t r i c t  and t ime)  
were c l a s s i f i e d  w i t h  t h e  d i s c r i m i n a n t  f u n c t i o n s  t o  es t ima te  t h e  c o n t r i b u t i o n  o f  
each r i v e r  t o  t h e  age-1.2, -1.3, and -2.3 harves ts .  A l though s tocks  o r i g i n a t i n g  
i n  r i v e r  systems t e r m i n a t i n g  i n  each d i s t r i c t  dominate t h e  catches o f  t h e  
r e s p e c t i v e  d i s t r i c t ,  s i g n i f i c a n t  numbers o f  i n t e r c e p t i o n s  occur red  i n  each o f  
t h e  e a s t s i d e  f i s h i n g  d i s t r i c t s  (F i gu re  6 ) .  To examine t h e  p o t e n t i a l  f o r  e r r o r s  
i n  h i s t o r i c a l  apport ionment o f  catches t o  r i v e r  o f  o r i g i n  t h e  d i s t r i c t  catches 
were compared t o  t h e  c o l l e c t i v e  catches o f  f i s h  t h a t  o r i g i n a t e  i n  t h e  r e s p e c t i v e  
d i s t r i c t  caught  i n  t h e  t h r e e  e a s t s i d e  f i s h i n g  d i s t r i c t s  (F i gu re  6 ) .  For  t h e  
t h r e e  yea rs  examined t h e  h i s t o r i c a l  method o f  a p p o r t i o n i n g  catches t o  r i v e r  o f  
o r i g i n ,  c o n s i s t e n t l y  under -es t imated  t h e  ca t ch  o f  Naknek/Kvichak f i s h  and over -  
es t imated  t h e  c a t c h  o f  Egegik/Ugashik f i s h .  Th i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  
h i g h e r  r e t u r n  p e r  spawner es t imated  f o r  Egegik/Ugashik f i s h  based on h i s t o r i c a l  
ca t ch  appor t ionment  methods (F i gu re  5 ) .  



I n  a t tempts  t o  i d e n t i f y  p o t e n t i a l  management measures such as t ime-a rea  
c l osu res ,  which would reduce t h e  i n t e r c e p t i o n s  o f  Naknek/Kvi chak f i s h  i n  t h e  
Egegi k  and Ugashi k  d i s t r i c t s ,  s t ock  compos i t i on  o f  catches was examined over  
t ime  i n  t h e  Ugashik and Egegik D i s t r i c t s  as w e l l  as areas w i t h i n  t h e  Egegik 
d i s t r i c t .  For  t h e  Egegik D i s t r i c t ,  no d i f f e r e n c e s  i n  s t o c k  compos i t i on  were 
found between t imes  and areas w i t h i n  f i s h i n g  d i s t r i c t s  (Cross and S t r a t t o n  
1988). It i s  n o t  p o s s i b l e  w i t h  s imp le  t ime-a rea  c l osu res ,  t o  reduce 
i n t e r c e p t i o n s  i n  t h e  Egegi k  d i s t r i c t  w i t h o u t  j e o p a r d i z i n g  t h e  a b i l  i t y  t o  ha rves t  
t h e  Egegik r un .  For  t h e  Ugashik D i s t r i c t ,  s tocks  o r i g i n a t i n g  f rom o u t s i d e  t h e  
Ugashik D i s t r i c t  were a much h i g h e r  c o n t r i b u t i o n  i n  t h e  catches e a r l y  i n  t h e  
season ( F i g u r e  8 ) .  I n  subsequent yea rs  f i s h i n g  has been de layed i n  t h e  Ugashik 
D i s t r i c t  t o  reduce i n t e r c e p t i o n s  w i t h o u t  under -harves t ing  t h e  Ugashik run .  

No r t h  A1 aska Pen insu la  

The sockeye salmon f i s h e r y  i n  t h e  No r the rn  D i s t r i c t ,  n o r t h  A laska  Peninsu la ,  i s  
d i r e c t e d  a t  f o u r  s t ocks  o f  sockeye salmon, Bear R i ve r ,  Sandy R i v e r ,  Nelson 
Lagoon, and I l n i k  Lagoon. Sockeye salmon catches i n  t h e  No r the rn  D i s t r i c t  a re  
a t  h i s t o r i c a l  maximum l e v e l s  and have averaged 2.6 m i l l i o n  f i s h  p e r  yea r  s i n c e  
1979. The catches come f rom i n s i d e  Nelson Lagoon and f r om t h e  area w i t h i n  3 
m i l e s  o f  t h e  A laska Pen insu la  between S t rogono f  p o i n t  and Wol f  P o i n t  which i s  
a t  t h e  sou thern  en t rance  t o  P o r t  M o l l e r  (F i gu re  9) .  The m a j o r i t y  o f  t h e  sockeye 
a re  caught  w i t h  d r i f t  g i l l n e t  gear  i n  o u t s i d e  areas, and a l l  sockeye salmon 
i n s i d e  Nelson and I l n i k  Lagoons a re  caught w i t h  s e t  g i l l n e t s .  

Because o f  t h e  p r o x i m i t y  o f  t h e  Nor thern  D i s t r i c t  t o  t h e  m i g r a t o r y  c o r r i d o r  o f  
B r i s t o l  Bay sockeye salmon and t h e  co inc idence  o f  r e c e n t l y  inc reased  catches i n  
t h e  No r the rn  D i s t r i c t  w i t h  those i n  t h e  B r i s t o l  Bay sockeye f i s h e r y ,  p u b l i c  
concern has su r f aced  over  a l l e g e d  i n t e r c e p t i o n s  o f  B r i s t o l  Bay f i s h  i n  t h e  n o r t h  
A1 aska Pen insu la  sockeye f i s h e r y .  E a r l  i e r  t agg ing  s t u d i e s  rev iewed by S t r a t y  
(1975) c l e a r l y  showed t h a t  t h e  m i g r a t o r y  pathway o f  r e t u r n i n g  B r i s t o l  Bay 
sockeye salmon was w e l l  o f f s h o r e  o f  t h e  Nor thern  D i s t r i c t .  These s t u d i e s  a l s o  
showed t h a t  no tagged f i s h  f rom l i m i t e d  re l eases  i n  t h e  v i c i n i t y  o f  Cape 
Sen iav i n  were recovered  i n  B r i s t o l  Bay f i s h e r i e s .  However, i n  response t o  
c o n t i n u i n g  pub1 i c  concern over  p o t e n t i a l  i n t e r c e p t i o n s  o f  B r i  s t01  Bay salmon and 
a  d e s i r e  by  ADF&G b i o l o g i s t s  t o  e x p l o r e  t h e  f e a s i  b i l  i t y  o f  u s i n g  SPA t o  es t ima te  
s t o c k - s p e c i f i c  catches and develop an escapement - r e t u r n  d a t a  base f o r  t h e  
n o r t h  Pen insu la  sockeye salmon s tocks,  ADF&G i n i t i a t e d  a  SPA s tudy  f o r  t h e  
No r the rn  d i s t r i c t  catches i n  1988 (Geiger  1989). 

The 1988 catches o f  sockeye salmon i n  t h e  Nor thern  D i s t r i c t  were dominated by 
age-2.2 and -2.3 f i s h .  S ince these age c lasses  were n o t  s i g n i f i c a n t  i n  t h e  I l n i k  
1  agoon and Sandy R i v e r  escapement samples, i t  was necessary t o  i n c l u d e  o n l y  t h e  
Bear R i v e r  and Nelson Lagoon sca les  as s tandards f o r  t h e  n o r t h  A laska  Pen insu la  
s t ocks  (Geiger  1989).  Escapement sca les  o f  known o r i g i n  were used t o  c o n s t r u c t  
a  three-way (Ugashik, Bear R ive r ,  and Nelson Lagoon) l i n e a r  d i s c r i m i n a n t  model 
f o r  t h e  2.2 and 2.3 age c lasses .  Commercial ca t ch  sca les  (samples s t r a t i f i e d  by 
area and t ime )  were c l a s s i f i e d  w i t h  t h e  d i s c r i m i n a n t  f u n c t i o n s  t o  es t ima te  t h e  
c o n t r i b u t i o n  o f  each r i v e r  t o  t h e  age-2.2, -2.3 harves ts .  Resu l t s  showed t h a t  
B r i s t o l  Bay f i s h  d i d  n o t  occur  i n  t h e  southwestern area (Harbor  P o i n t  t o  Cape 
Sen iav i n )  b u t  were p resen t  i n  s u b s t a n t i a l  numbers (es t imated  ca t ch  o f  300 



thousand f i s h )  i n  t h e  more nor theas te rn  a rea  ca t ches ,  Cape Seni avin t o  Strogonof 
Point (Figure 1 0 ) .  The high ca tch  of Br i s to l  Bay f i s h  occurred when t h e  Northern 
D i s t r i c t  was opened t o  f i s h i n g  no r theas t  of I l n i k  Lagoon. 

A f i v e  way (Bear River,  Nelson Lagoon, Ugashi k River ,  Egegi k River ,  and Naknek 
River) l i n e a r  d i sc r iminan t  model was cons t ruc ted  f o r  t h e  2.3 age c l a s s .  This  
model had marginal c l a s s i f i c a t i o n  accuracy, because of t h e  l a r g e  number of 
c o n s t i t u e n t  s tocks .  To examine t h e  possi b i l  i t y  of  north Alaska Peninsula sockeye 
s tocks  being in t e rcep ted  in  t h e  Br i s to l  Bay f i s h e r y ,  t h e  f i v e  way model was 
appl ied  t o  commercial ca tch  s c a l e s  from t h e  Ugashik d i s t r i c t ,  which i s  t h e  
Br i s to l  Bay f i s h i n g  d i s t r i c t  i n  c l o s e s t  proximity t o  t h e  north Alaska Peninsula 
sockeye s tocks .  Less than 5 % of t h e  s c a l e s  from t h e  Ugashik ca tch  was 
c l a s s i f i e d  t o  nor th  Alaska Peninsula o r i g i n .  In view of t h e  r e l a t i v e l y  poor 
c l a s s i f i c a t i o n  e r r o r  i n  t h e  f i v e  way model, t h i s  r e s u l t  i s  c o n s i s t e n t  with t h e  
hypothesis  t h a t  no north Alaska Peninsula sockeye salmon a r e  i n t e rcep ted  in  t h e  
Ugashik D i s t r i c t  (Geiger 1989). 

Chigni k 

Catches of Chigni k sockeye salmon a r e  a t  h i s t o r i c a l  maximum l e v e l s  and have 
averaged 1.6 mi l l i on  s i n c e  1979. The Chignik run of sockeye salmon c o n s i s t s  of 
two s tocks .  The e a r l y  run a r r i v e s  i n  June and i s  predominantly age 1. 
f reshwater .  This run spawns in  t h e  t r i b u t a r i e s  of Black Lake and r e a r s  t o  
varying degrees i n  Black Lake (Figure 11 ) .  The l a t e  run a r r i v e s  i n  J u l y  and i s  
predominantly age 2. f reshwater .  The l a t e  run spawns in  t h e  t r i b u t a r i e s  and 
along beaches of  Chignik Lake and r e a r s  i n  Chignik Lake. 

Until 1981 management t o  achieve sepa ra t e  escapement goa ls  f o r  t h e  e a r l y  and 
l a t e  r u n  was based on average time of e n t r y  curves (Figure 12A). These curves 
were a composite of tagging s t u d i e s  conducted from 1962 - 1964 which a t tempts  
t o  r econs t ruc t  t h e  r e l a t i v e  con t r ibu t ion  of t h e  two s tocks ,  over t ime,  t o  t h e  
Chignik weir  counts  (Dahlberg 1968). The average time of e n t r y  curve was then 
used t o  apport ion h i s t o r i c a l  ca tch  and escapement d a t a  i n t o  t h e  two run 
components. These d a t a  were analyzed t o  s e t  escapement goa l s .  

Because of t h e  inherent  problems with t h e  assumptions used t o  determine t h e  
average time of e n t r y  curves based on tagging (Marshall 1987),  a s c a l e  p a t t e r n  
a n a l y s i s  s tudy  was i n i t i a t e d  in  1978. The ob jec t ive  of t h e  s tudy was t o  develop 
annual e s t ima te s  of s tock  s p e c i f i c  ca t ches ,  escapement, and time of e n t r y  curves 
(Conrad 1982). Resul t s  of t h i s  work demonstrate t h a t  cons iderable  y e a r  t o  yea r  
v a r i a t i o n  e x i s t  i n  t h e  time of e n t r y  curves (Figure 12B), and t h a t  t h e  runs t o  
Black Lake a r e  more v a r i a b l e  than t h e  runs t o  Chignik Lake. Based on t h e  
apportionment of ca tches  and Chigni k weir  counts with average t ime of e n t r y  
curve,  i t  i s  very l i k e l y  t h a t  cons iderable  e r r o r s  e x i s t  in  t h e  h i s t o r i c a l  
Chignik escapement - r e t u r n  da t a .  A more thorough review of t h e  app l i ca t ion  of 
SPA t o  management of t h e  Chignik sockeye f i s h e r y  i s  provided in Marshall e t  a l .  
(1987).  



Olga - Moser Bay, Kodiak I s l a n d  

The ma jo r  r uns  o f  sockeye salmon t o  t h e  A l i t a k  Bay D i s t r i c t  i n  t h e  Olga-Moser 
Bay area o f  Southwestern Kodiak I s l a n d  (F i gu re  13) a re  t o  Upper S t a t i o n  Lakes 
and Fraser  Lake. M inor  runs  r e t u r n  t o  Aka lu ra  and Horse Mar ine Lakes. The 
sockeye salmon were i n t r oduced  t o  F raser  Lake, a  f o r m e r l y  ba r ren  system, a f t e r  
c o n s t r u c t i o n  o f  a  f i s h  passage f a c i l i t y  i n  1951. The Fraser  r u n  has inc reased  
s t e a d i l y ,  w i t h  an es t imated  1989 r u n  o f  1  m i l l i o n  f i s h .  Wi th  t h e  i n t r oduced  
Fraser  r u n  and t h e  r e b u i l d i n g  o f  t h e  Upper S t a t i o n  and Aka lu ra  run,  t h e  A l i t a k  
Bay D i s t r i c t  i s  t h e  most impo r tan t  sockeye p roduc ing  d i s t r i c t  i n  t h e  Kodiak 
Area. 

The A l i t a k  d i s t r i c t  f i s h e r i e s  use two gear  t ypes .  Purse se ines  opera te  
e x c l u s i v e l y  i n  t h e  Cape A l i t a k  and Deadman-Portage Bay Sec t ions .  The Deadman- 
Por tage Bay s e c t i o n  i s  opened p r i m a r i l y  t o  ha rves t  p i n k  and chum salmon. Set  
g i l l n e t s  opera te  th roughou t  t h e  d i s t r i c t  and e x c l u s i v e l y  i n  t h e  Moser-Olga Bay 
Sec t ion .  

It i s  d i f f i c u l t  t o  c o n t r o l  t h e  i n t e r c e p t i o n  o f  salmon bound f o r  Moser-Olga Bay 
systems. I n t e r c e p t i o n  occurs  a t  d i f f e r e n t  p o i n t s  a long  t h e  wes ts ide  o f  Kodiak 
I s l a n d  i n  f i s h e r i e s  f o r  o t h e r  s t r o n g  runs  o f  sockeye salmon (i .e. Red and K a r l u k  
R i v e r ) .  La te  r u n  components o f  sockeye runs  such as K a r l u k  and Upper S t a t i o n  
a re  c o i n c i d e n t  w i t h  t h e  r e t u r n  o f  p i n k  salmon. Bycatches o f  l a t e  r u n  sockeye 
i n  purse  se ine  f i s h e r i e s  d i r e c t e d  a t  p i n k  salmon, g r e a t l y  comp l i ca te  t h e  
management o f  l a t e  r u n  sockeye salmon s tocks .  The s t r e n g t h  o f  a  p a r t i c u l a r  r u n  

/ can b e s t  be assessed as i t  reaches t e rm ina l  f i s h i n g  areas. I f  f i s h i n g  i s  
r e s t r i c t e d  t o  t e r m i n a l  areas, t h e  s t ock  can be more e a s i l y  managed f o r  
i n d i v i d u a l  r i v e r  system escapement goa l s  which can r e s u l t  i n  maximum sus ta i ned  
y i e l d .  I n  t h e  Olga-Moser Bay area, t h e  s t r i c t  t e r m i n a l  f i s h i n g  management 
o p t i o n  i s  cons t ra i ned  by t h e  need t o  m a i n t a i n  t r a d i t i o n a l  f i s h i n g  areas f o r  t h e  
compet ing gear  groups. 

A s c a l e  p a t t e r n  a n a l y s i s  s tudy was i n i t i a t e d  i n  1988 t o  es t ima te  s t o c k  - 
s p e c i f i c  catches i n  t h e  A l i t a k  Bay D i s t r i c t ,  by area and t i m e  (Swanton 1990). 
The r e s u l t s  a re  p r e l i m i n a r y  and n o t  y e t  a v a i l a b l e .  It i s  a n t i c i p a t e d  t h a t  
h i s t o r i c a l  s c a l e  c o l l e c t i o n s  s i n c e  1985 w i l l  be analyzed, s t o c k  - s p e c i f i c  
catches es t imated ,  and an escapement - r e t u r n  database developed f o r  t h e  Upper 
S t a t i o n  and Fraser  runs.  

Upper Cook I n l e t  

The ma jo r  r uns  o f  sockeye salmon t o  upper Cook I n l e t  occur  i n  t h e  Kenai R ive r ,  
K a s i l o f  R ive r ,  and Sus i t na  R i ve r .  M inor  runs  occur  i n  t h e  Crescent  R i v e r  and 
F i s h  Creek ( F i g u r e  14).  The d r i f t  and s e t  g i l l n e t  f i s h e r i e s  o f  upper Cook I n l e t  
( F i g u r e  14) have averaged f o u r  m i l l  i o n  sockeye salmon annua l l y  s i n c e  1979. Two, 
12-h f i s h i n g  p e r i o d s  a re  u s u a l l y  p e r m i t t e d  each week w i t h  more o r  fewer p e r i o d s  
depending on r u n  s i z e .  U n t i l  r e c e n t l y ,  t h e  weekly schedule has been ad jus ted  
o n l y  s l i g h t l y .  Hydro -acous t i c  techno logy  i s  used t o  count  escapement i n t o  t h e  
v i s u a l l y  occ luded r i v e r s  o f  t h e  upper Cook I n l e t  r eg i on .  

S ince 1978 s c a l e  p a t t e r n  a n a l y s i s  has been used t o  es t ima te  t h e  c o n t r i b u t i o n  o f  



t h e  ma jo r  r uns  t o  t h e  catches o f  sockeye salmon i n  t h e  upper Cook I n l e t  f i s h e r y .  
Wi th  t h e  a v a i l a b i l  i t y  o f  escapement es t imates  by r i v e r  system and s t o c k - s p e c i f i c  
catches, an escapement - r e t u r n  da ta  base has been developed f o r  t h e  ma jo r  r i v e r  
systems. Based on t h i s  i n f o rma t i on ,  ADF&G has developed pre-season fo recas ts  
o f  r u n  s t r e n g t h  and e s t a b l i s h e d  escapement goa l s  f o r  t h e  ma jo r  r i v e r  systems o f  
upper Cook I n 1  e t  . 
Besides a  postseason t a l l y  o f  catches by d i s t r i c t  and run,  SPA i s  used t o  r evea l  
m i g r a t o r y  p a t t e r n s  t h a t  can a i d  managers i n  t a r g e t i n g  f i s h i n g  e f f o r t  on s p e c i f i c  
runs .  There i s  some o p p o r t u n i t y  t o  d i r e c t  f i s h i n g  e f f o r t  t o  s p e c i f i c  s t ocks  i n  
t h e  d r i f t  g i l l n e t  f i s h e r y  i n  t h e  Cen t ra l  D i s t r i c t .  The b u l k  o f  t h e  K a s i l o f  
R i v e r  r u n  e n t e r s  t h e  d i s t r i c t  be fo re  t h e  o t h e r  ma jo r  r uns  ( F i g u r e  15). The 
e a r l y  components o f  t h e  upper Cook I n l e t  f i s h e r y  a re  now managed t o  c o n t r o l  
e x p l o i t a t i o n  on t h e  K a s i l o f  run .  The SPA s t u d i e s  a l s o  r evea led  t h a t  a  m inor  
s tock,  F i s h  Creek, was n o t  be ing  e f f e c t i v e l y  e x p l o i t e d  i n  t h e  e x i s t i n g  f i s h i n g  
areas. As a  r e s u l t  o f  t h i s  study, t h e  A laska Board o f  F i s h e r i e s  e s t a b l i s h e d  a  
new s e t  g i l l n e t  f i s h i n g  area ad jacen t  t o  t h e  mouth o f  F i s h  Creek. A  more 
thorough rev i ew  o f  t h e  a p p l i c a t i o n  o f  SPA t o  management o f  t h e  upper Cook I n l e t  
sockeye f i s h e r y  i s  p rov i ded  i n  Marsha l l  e t  a l .  (1987).  

Copper - Be r i ng  R i ve r .  

The catches o f  sockeye salmon i n  t h e  d r i f t  g i l l n e t  f i s h e r y  have averaged 700 
thousand f i s h  annua l l y ,  s i nce  1979. Catches were presumed t o  be f rom s tocks  
t h a t  m i g r a t e  th rough  t h e  Copper R i v e r  (Up r i ve r  s t ocks )  o r  f rom severa l  smal l  
systems i n  t h e  Copper R i v e r  D e l t a  and around t h e  Be r i ng  R i v e r  ( D e l t a  s t o c k s ) .  
The u p r i v e r  s tocks  were presumed t o  be t h e  o n l y  s i g n i f i c a n t  source o f  p r o d u c t i o n  
f o r  t h i s  f i s h e r y  ( P i r t l e  1967). I n  1978, hyd ro -acous t i c  coun te rs  were i n s t a l l e d  
on t h e  Copper R i v e r  a t  M i l e s  Lake ( F i g u r e  16). The f i s h e r y  has been r e g u l a t e d  
t o  a t t a i n  escapement goa l s  p a s t  t h e  M i l e s  Lake sonar s i t e .  

The D e l t a  s tocks  do n o t  m ig ra te  pas t  t h e  M i l e s  Lake sonar s i t e .  The impor tance 
o f  D e l t a  s t ocks  t o  t h e  l o c a l  f i s h e r y  was demonstrated w i t h  SPA s t u d i e s  (Marsha l l  
e t  a l .  1987). Dur ing  t h e  years  1982, 1983, and 1984, t h e  D e l t a  s t ocks  
c o n t r i b u t e d  49%, 48%, and 21%, r e s p e c t i v e l y ,  o f  t h e  catches i n  t h e  Copper-Ber ing 
R i v e r  f i s h e r i e s .  T h i s  unexpected ly  1  arge numer ica l  and economic c o n t r i b u t i o n  
o f  sockeye salmon f rom t h e  D e l t a  s t ocks  has prompted a  broadened management 
approach. The SPA s t u d i e s  show t h a t  t h e  D e l t a  and U p r i v e r  s t ocks  a re  t ho rough l y  
mixed i n  t h e  f i s h e r y  (F i gu re  17) .  However, in -season SPA s t u d i e s  p r o v i d e  
weekly es t ima tes  o f  ca t ch  by r u n  and ca t ch  by age. Th i s  i n f o r m a t i o n  enables 
managers t o  p r o t e c t  t h e  D e l t a  s tocks  a t  ve r y  l ow  s t o c k  l e v e l s ,  even i n  
s i t u a t i o n s  o f  a  s t r o n g  u p r i v e r  r un .  

The annual escapement es t imates  f o r  t h e  D e l t a  s tocks  a r e  made w i t h  a e r i a l  
surveys and a re  n o t  accura te  enough t o  develop spawne r - rec ru i t  da ta .  However, 
t h e  combined es t imates  o f  s t o c k - s p e c i f i c  catches and accura te  escapement counts  
a t  t h e  M i l e s  Lake sonar s i t e  do enable t h e  development o f  spawne r - rec ru i t  d a t a  
f o r  t h e  U p r i v e r  s tocks .  ADF&G has developed es t imates  o f  op t ima l  escapement 
goa l s  and a  pre-season f o r e c a s t  f o r  t h e  U p r i v e r  s tocks.  A  more thorough rev i ew  
o f  t h e  a p p l i c a t i o n  o f  SPA t o  management o f  t h e  Copper -Be r i ng  R i v e r  sockeye 
salmon f i s h e r y  i s  p rov i ded  i n  Marsha l l  e t  a l .  (1987). 



Lynn Canal 

The c a t c h  o f  sockeye salmon i n  t h e  d r i f t  g i l l n e t  f i s h e r y  i n  Lynn Canal, 
Southeast A laska (F i gu re  18), has c o n s i s t e n t l y  exceeded 300 thousand f i s h  
annua l l y  s i n c e  1983 (F i gu re  19). These h i ghe r  catches a re  due i n  p a r t  t o  t h e  
c l o s i n g  o f  t h e  I c y  S t r a i t  e n t r y  c o r r i d o r  t o  t h e  Southeast A laska purse  se ine  
f i s h e r y  i n  1974. T h i s  se ine  f i s h e r y  i s  d i r e c t e d  a t  p i n k  salmon and had h i g h  
bycatches o f  sockeye salmon when prosecuted i n  I c y  S t r a i t .  S ince most p i n k  
salmon s tocks  were a v a i l a b l e  t o  t h e  se ine  f i s h e r y  i n  i n s i d e  waters ,  t h e  I c y  
S t r a i t  c l o s u r e  enabled t h e  passage o f  sockeye w i t h o u t  j e o p a r d i z i n g  t h e  a b i l i t y  
o f  t h e  se i ne  f i s h e r y  t o  ha rves t  p i n k  salmon. A f t e r  1974, most ha rves t s  o f  
n o r t h e r n  Southeast A laska sockeye s tocks  occur red  i n  t h e  t e r m i n a l  g i l l n e t  
f i s h e r i e s . i n  Lynn Canal and t h e  Taku-Snett isham area where runs  c o u l d  be managed 
f o r  s t o c k  s p e c i f i c  escapement goal  s  and maximum sus ta ined  y i e l d .  

The Lynn Canal g i l l n e t  f i s h e r y  i s  suppor ted by runs  o f  sockeye salmon t o  t h e  
C h i l k a t  and C h i l k o o t  R i ve r s .  The f i s h e r y  i s  managed t o  ach ieve s p e c i f i c  
escapement goa l s  a t  coun t i ng  w e i r s  near  t h e  o u t l e t  o f  C h i l k a t  and C h i l k o o t  
Lakes. The f i s h e r y  i s  a l s o  managed t o  ach ieve weekly catches t h a t  a re  
p r o p o r t i o n a l  t o  s t o c k  s i z e  th roughou t  t h e  run .  T h i s  management p r a c t i c e  was 
e s t a b l i s h e d  t o  p r o t e c t  a l l  segments o f  t h e  run .  Scale  p a t t e r n  a n a l y s i s  s t u d i e s  
were implemented i n  1981 t o  p rov i de  es t imates  o f  s t o c k - s p e c i f i c  catches.  These 
da ta  t o g e t h e r  w i t h  f i s h e r y  performance da ta  and in-season escapement data,  
enable  managers t o  meet t h e  above o b j e c t i v e s  (McPherson and Marsha l l  1986). 

The s c a l e  p a t t e r n s  f rom t h e  two s tocks  a re  ve r y  d i s t i n c t i v e  ( F i g u r e  20) .  
C h i l k a t  Lake i s  ve r y  p r o d u c t i v e  and has a  l ow  d e n s i t y  o f  r e a r i n g  j u v e n i l e  
sockeye s i n c e  spawning area i s  l i m i t i n g  f o r  t h e  system. Sockeye t h a t  o r i g i n a t e  
i n  C h i l  k a t  have ve ry  l a r g e  f r eshwa te r  growth zones on t h e i r  s ca les  r e f l e c t i n g  
t h e  h i g h  f r eshwa te r  growth r a t e s .  C h i l k o o t  Lake i s  a l s o  p roduc t i ve ,  b u t  a  much 
h i g h e r  d e n s i t y  o f  r e a r i n g  j u v e n i l e  sockeye occur  i n  t h e  l a k e  because o f  g r e a t e r  
amount o f  spawning h a b i t a t  a v a i l a b l e  i n  t h e  C h i l  koo t  system. The f r eshwa te r  
g rowth  r a t e  o f  C h i l k o o t  i s  low and i s  r e f l e c t e d  by t h e  r e l a t i v e l y  smal l  
f r eshwa te r  growth zone on t h e  sca les .  The sca le  p a t t e r n s  f o r  t h e  two s tocks  a re  
so d i s t i n c t i v e  t h a t  s t ock  i d e n t i f i c a t i o n  can be done v i s u a l l y .  

The SPA s t u d i e s  have shown t h a t  t i m i n g  d i f f e r e n c e s  e x i s t  between t h e  C h i l  koo t  
and C h i l k a t  s t ocks  (F i gu re  21). The e a r l y  catches a re  dominated by C h i l k o o t  
f i s h .  The e a r l y  C h i l k a t  r u n  i s  p resen t  b u t  g e n e r a l l y  i n  low abundance. The 
two s tocks  a l s o  segregate as t h e y  m i g r a t e  i n t o  t h e  upper areas o f  Lynn Canal. 
The catches f rom areas near  t h e  r i v e r  mouths a re  dominated by t h e  r e s p e c t i v e  
s tock .  

Wi th  a v a i l a b i l  i t y  o f  s t o c k - s p e c i f i c  catches, an escapement - r e t u r n  d a t a  base 
has been cons t ruc ted  f o r  bo th  Lynn Canal s tocks  (F i gu re  22). Opt imal escapement 
goa l s  have been developed, and pre-season f o r e c a s t s  o f  r u n  s t r e n g t h  a re  be ing  
developed f o r  t h e  1990 f i s h e r y  and w i l l  be i nco rpo ra ted  i n  t h e  annual A laska 
salmon f o r e c a s t s  and ha rves t  p r o j e c t i o n s  document (Geiger and Savv iko 1989).  



Taku - Snettisham 

The drift gillnet fishery that occurs in District 111, Southeast Alaska Fishery 
Unit, exploits sockeye salmon that originate in the Taku River and two lake 
systems (Speel and Crescent Lake) that discharge into Port Snettisham (Figure 
23). The spawning and rearing areas for Taku River stocks are in Canada. These 
include Kuthai Lake, Little Trapper Lake, Tatsamenie Lake and the mainstem Taku 
River. Additional exploitation on the Taku stocks occurs in the Canadian 
inriver gillnet fishery. The spawning and rearing area for the Port Snettisham 
stocks are in the United States. 

The treaty between the governments of the United States and Canada (Annex IV, 
February 1988) concerning Pacific Salmon entitles Canada to harvest 18 % of the 
total a1 lowable catch (TAC) of sockeye salmon from the Taku River. For the Taku 
River the,TAC is determined as the return in excess of the escapement goal of 
71,000 to 80,000 fish. Escapement are estimated by joint U.S. and Canadian 
mark-recapture study, with tag releases in the lower Taku River at Canyon 
Island, and subsequent tag recovery in the Canadian areas of the Taku drainage 
(McGregor and Clark 1987). The sockeye salmon of U.S. origin (i .e. Port - 
Snettisham fish) are caught in District 111 gillnet fishery are not considered 
in determination of Canadian entitlements. Thus, stock identification of the 
District 111 catches is necessary. SPA is used to estimate catch by stock for 
the District 111 drift gillnet fishery in-season so that compliance with the 
US/Canada treaty can be monitored for District 111 and the Canadian fishery in 
the Taku River (McGregor and Walls 1987). 

Escapement scales of known origin were used to construct a six stock (Kuthai, 
Little Trapper, Tatsamenie River, mainstem Taku, Speel , and Cresent) 1 i near 
discriminant model for the 1.2 and 1.3 age classes. Commercial catch scales 
(samples stratified by district and time) were classified with the discriminant 
functions to estimate the contribution of each river to the age- 1.2 and -1.3 
harvests (McGregor and Walls 1987). The discriminant model was also applied to 
the sample scales from the Canyon Island fishwheels and the Canadian fishery. 
There exists substantial differences in the run timing among the stocks of the 
Taku River (Figure 24). 

At present the SPA analyses and escapement estimates are used for aggregate Taku 
stock in-season management and post-season evaluation of U.S./Canada treaty 
compliance. In view of the differential run timing among stocks within the Taku 
drainage, the potential exists to develop stock specific management practices 
for the District 111 and Canadian inriver fisheries. In addition, differences 
in the Taku and Port Snettisham contribution to District 111 catches occur in 
subdistricts within District 111. The southern areas of the District (Figure 
25) tend to have a higher Port Snettisham contribution (A. McGregor personal 
communication), and potential exists for the development of stocks specific 
management practices for Port Snettisham stocks of sockeye. 

Sumner Strait - Sti kine River 

The District 106 - 108 fishery (Figure 26) exploits a complex mixture of stocks. 
These include the Stikine River (mainstem Stikine and Tahltan Lake), the Alaska 



s tocks  which i n c l u d e  24 smal l  coas ta l  l a k e  systems, and t h e  Nass/Skeena R i v e r  
s tocks  o f  Canada (F i gu re  27) .  

The t r e a t y  between t h e  governments o f  t h e  U n i t e d  S ta tes  and Canada (Annex I V  
February 1988) concern ing  P a c i f i c  Salmon e n t i t l e s  Canadian f ishermen t o  ha rves t  
i n  t h e  S t i k i n e  R ive r ,  a  minimum o f  4,000 and a  maximum o f  30,000 sockeye 
salmon, depending on t h e  p r o j e c t e d  s i z e  o f  t h e  run .  The U.S. f i s h e r i e s  i n  
D i s t r i c t  106 - 108 a re  a l lowed t o  ha rves t  t h e  remainder o f  t h e  TAC. The TAC i s  
t h e  f i s h  i n  excess o f  t h e  S t i k i n e  R i v e r  escapement goal  o f  60,000 f i s h .  

In-season knowledge o f  t h e  S t i k i n e  c o n t r i b u t i o n  t o  t h e  D i s t r i c t  106 - 108 
catches,  t h e  magnitude o f  t h e  ca t ch  i n  t h e  Canadian S t i k i n e  R i v e r  f i s h e r y ,  and 
t h e  sockeye salmon escapement l e v e l  i n  t h e  S t i k i n e  a re  necessary t o  implement 
t h e  e n t i t l e m e n t s  s e t  f o r t h  i n  t h e  U.S./Canada t r e a t y .  There were two ma jo r  
problems , i n  implement ing t h e  n e g o t i a t e d  management p l a n  f o r  Sumner S t r a i t  - 
S t i k i n e  R i v e r  f i s h e r i e s .  F i r s t ,  t h e  es t imates  o f  S t i k i n e  R i v e r  catches i n  t h e  
D i s t r i c t  106 - 108 g i l l n e t  f i s h e r y  had t o  be developed, which was compl i ca ted  
by t h e  complex m i x t u r e  o f  s tocks  i n  t h a t  f i s h e r y .  Second, a  method f o r  
enumerat ing S t i k i n e  R i v e r  sockeye salmon escapement had t o  be developed. 

An inseason SPA s tudy  was i n i t i a t e d  i n  1982 t o  es t ima te  s t o c k - s p e c i f i c  catches 
i n  t h e  D i s t r i c t  106-108 g i l l n e t  f i s h e r y .  For management purposes t h e  catches 
had t o  be c l a s s i f i e d  i n t o  t h r e e  s tock  groups, t h e  A laska c o a s t a l ,  Nass/Skeena 
R i v e r  and S t i  k i n e  R i v e r .  However sca le  p a t t e r n s  do n o t  c l u s t e r  by these  t h r e e  
areas, and h i g h e r  o r d e r  model s  had t o  be developed depending on age. The s tocks  
cons idered  i n c l u d e d  Nass/Skeena R iver ,  two groups o f  s tocks  w i t h i n  t h e  A1 aska 
group (so c a l l e d  A laska I and Alaska 11), and t h e  two s tocks  w i t h i n  t h e  
S t i k i n e  R i v e r  ( T a l t a n  Lake and mainstem S t i k i n e  R i v e r ) .  The SPA s tudy  i s  t o o  
d e t a i l e d  t o  r ev i ew  here  and t h e  reader  i s  r e f e r r e d  t o  Jensen and Frank (1988).  
The SPA s tudy  d i d  f i n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  sca le  p a t t e r n s  among these  
s tock  groups. Est imates o f  s t ock  compos i t i on  o f  t h e  D i s t r i c t  106 - 108 f i s h e r y ,  
based on SPA, a re  a v a i l a b l e  f o r  t h e  yea rs  a f t e r  1982, (F i gu re  28). 

The SPA s tudy  was success fu l  because t h e  growth environments i n  t h e  Canadian 
and A1 aska nu rse ry  1  akes a re  ve r y  d i f f e r e n t .  The A1 askan l a k e s  occur  i n  coas ta l  
areas, w i t h  coo l  summertime temperatures and r e 1  a t i v e l y  1  ow n u t r i e n t  
concen t ra t i ons  due t o  r a p i d  f l u s h i n g .  The Canadian l a k e s  a re  i n l a n d ,  h i g h l y  
s t r a t i f i e d ,  and p r o d u c t i v e  w i t h  r e l a t i v e l y  warm summertime temperatures.  

Est imates o f  t h e  sockeye salmon escapement t o  t h e  S t i  k i n e  R i v e r  a re  p rob lema t i c .  
A  p o r t i o n  o f  t h e  r u n  i s  enumerated a t  t h e  w e i r  s i t e  a t  t h e  o u t l e t  t o  Tah l t an  
Lake. However, t h e  mainstem S t i k i n e  component i s  n o t  a v a i l a b l e  t o  any v i s u a l  
enumerat ion due t o  t h e  ve r y  t u r b i d  wa te r  c o n d i t i o n s  i n  t h e  mainstem r i v e r .  The 
f e a s i b i l i t y  o f  hydro -acous t i c  enumerat ion was examined. T h i s  techno logy  was 
found t o  be u n - f e a s i b l e  because o f  expense and imp rec i s i on  due t o  t h e  l ow  s i g n a l  
t o  no i se  r a t i o s  and low f i s h  d e n s i t i e s  found i n  t h e  S t i k i n e  R i v e r .  T o t a l  
sockeye salmon escapements t o  t h e  S t i  k i n e  R i v e r  a re  es t imated  by expansion o f  
t h e  t o t a l  Tah l t an  r u n  ( c a t c h  i n  Canadian f i s h e r y  p l u s  escapement a t  t h e  w e i r )  
by t h e  p r o p o r t i o n  o f  Tah l t an  f i s h  i n  t h e  p o p u l a t i o n  o f  sockeye salmon e n t e r i n g  
t h e  S t i  k i n e  R i ve r .  S t o c k - s p e c i f i c  catches i n  a  l owe r  r i v e r  t e s t  f i s h e r y  a re  used 
t o  es t ima te  t h e  p r o p o r t i o n  o f  Tah l t an  f i s h  i n  t h e  p o p u l a t i o n  o f  sockeye e n t e r i n g  
t h e  r i v e r .  The t o t a l  sockeye salmon es t ima te  r e q u i r e s  s t o c k  i d e n t i f i c a t i o n  of 



catches i n  t h e  Canadian f i s h e r y  as w e l l  as catches i n  t h e  t e s t  f i s h e r y .  The 
s tock  i d e n t i f i c a t i o n  o f  these  catches has been done w i t h  sca le  p a t t e r n  a n a l y s i s  
(Jensen and Frank 1988). I n  subsequent yea rs  a  combinat ion o f  p a r a s i t e  and egg 
d iamete r  d a t a  w i l l  be used (Wood e t  a1 . 1987). S ince t h e  t i m i n g  o f  t h e  mainstem 
S t i k i n e  i s  e a r l i e r  than  t h e  Tah l t an  (F i gu re  29), t h e  es t ima te  o f  t h e  p r o p o r t i o n  
o f  Tah l t an  i n  t h e  escapement i s  taken  t o  be t h e  average o f  t h e  p r o p o r t i o n  o f  
t h e  Tah l t an  f i s h  i n  t h e  l owe r  r i v e r  t e s t  f i s h e r y  weighted by t h e  t o t a l  sockeye 
salmon abundance as indexed ca t ch  pe r  u n i t  e f f o r t .  

A more th rough  r e v i e w  o f  t h e  a p p l i c a t i o n  o f  SPA t o  management o f  t h e  D i s t r i c t  
106-108 d r i f t  g i l l n e t  f i s h e r y  f o r  sockeye salmon, which occurs  i n  Sumner - 
Clarence S t r a i t ,  i s  p rov i ded  i n  Marsha l l  e t  a l .  (1987).  

Yukon R ive r  Chinook Salmon F i s h e r i e s  

The Yukon R i ve r ,  w i t h  a  d ra inage  o f  860,000 km2, i s  t h e  l a r g e s t  r i v e r  i n  A laska 
and t h e  f o u r t h  l a r g e s t  i n  No r t h  America. The Yukon R i v e r  f l ows  over  3,200 km 
f rom i t s  source i n  n o r t h e r n  B r i t i s h  Columbia t o  t h e  Be r i ng  Sea. About 60% o f  
system i s  i n  Alaska. Chinook salmon spawning occurs  i n  100 Alaskan streams and 
55 Canadian streams (Branni  an 1989). Ma jo r  spawning areas i n c l u d e  t h e  
Andreafsky,  Anvi  k, Nula to ,  Gisas, Chena, and Salcha r i v e r s  i n  A laska (F i gu re  30) 
and Tatchun Creek, L i t t l e  Salmon R iver ,  B i g  Salmon R i ve r ,  and t h e  N i s u t l  i n  R i v e r  
i n  Canada, (F i gu re  31 ) .  

I n r i v e r  commercial h a r v e s t i n g  o f  Yukon R i ve r  ch inook  salmon occurs  f rom t h e  
r i v e r  mouth i n t o  Canada. The Alaska p o r t i o n  o f  t h e  d ra inage  has been d i v i d e d  
i n t o  s i x  f i s h i n g  d i s t r i c t s .  D i s t r i c t s  1 th rough  5 d i v i d e  t h e  main stem f rom 
t h e  mouth t o  t h e  U.S.-Canada border .  D i s t r i c t  6  r ep resen t s  t h e  Tanana R i v e r  
( F i g u r e  30) .  I n  Canada commercial f i s h i n g  i s  a l lowed i n  t h e  main stem Yukon 
R i v e r  upstream f rom t h e  U.S.-Canada border  t o  Tatchun Creek (F i gu re  31 ) .  
Fishermen i n  A laska a re  1  icensed f o r  s e t  and d r i f t  g i l l n e t s  i n  Alaskan D i s t r i c t s  
1 - 3, and e i t h e r  g i l l n e t s  o r  f i s h  wheels i n  D i s t r i c t s  4-6.  Fishermen i n  Canada 
can use e i t h e r  g i l l n e t s  o r  f i shwhee ls ,  though most f i s h  g i l l n e t s  d u r i n g  t h e  
c h i  nook salmon season. 

The ha rves t  o f  ch inook  salmon f o r  personal  o r  subs is tence  use i s  a l lowed 
th roughou t  t h e  A laska p o r t i o n  o f  t h e  Yukon R i v e r  dra inage.  Over 1,000 f a m i l  i e s ,  
m o s t l y  N a t i v e  American, i n  38 v i l l a g e s  p a r t i c i p a t e  i n  t h e  subs is tence  f i s h e r y .  
I n  Canada 12 d i f f e r e n t  I n d i a n  bands u t i l i z e  ch inook salmon f o r  personal  
consumption. The domest ic f i s h e r y  i s  open t o  a  few non -na t i ve  f a m i l i e s  l i v i n g  
i n  remote areas. 

I n  a d d i t i o n  t o  t h e  i n r i v e r  commerci a1 and subs is tence  f i s h e r i e s ,  t h e  Yukon R i v e r  
ch inook  salmon a re  s u s c e p t i b l e  t o  ha rves t  i n  ocean f i s h e r i e s .  Immature and 
ma tu r i ng  Yukon R i v e r  ch inook  salmon a re  caught i n  highseas salmon f i s h e r i e s  i n  
t h e  B e r i n g  Sea and No r th  P a c i f i c  Ocean and a re  caught as bycatch i n  t r a w l  
f i s h e r i e s  i n  t h e  Be r i ng  Sea. 



F i s h e r y  managers f ace  d i f f i c u l t  conse rva t i on  and a l l o c a t i o n  problems w i t h  t h e  
Yukon ch inook  salmon s tocks .  The conse rva t i on  problem i s  g r e a t l y  exacerbated 
by t h e  g a u n t l e t  n a t u r e  o f  t h e  f i s h e r i e s  and t h e  u p r i v e r  s t ocks  be ing  e x p l o i t e d  
i n  a  g r e a t e r  number o f  f i s h e r i e s  than  t h e  l o w e r r i v e r  s tocks .  The a re  many 
d i v e r s e  use r  groups f o r  t h i s  l i m i t e d  resource .  S ince t h e  Yukon ch inook  s tocks  
a re  f u l l y  u t i l i z e d ,  any dec l  i n e  i n  s t o c k  abundance o r  proposal  f o r  i nc reased  
ha rves t  by  one user  group r e q u i r e s  a l l o c a t i o n  by t h e  r e g u l a t o r y  agency. A 
s u b s t a n t i a l  component o f  t h e  Yukon R i v e r  ch inook salmon r u n  o r i g i n a t e s  i n  t h e  
u p r i v e r  spawning areas which a re  i n  Canada. The f i s h  o f  Canadian o r i g i n  have 
been h i s t o r i c a l l y  e x p l o i t e d  i n  t h e  Alaskan p o r t i o n  o f  t h e  Yukon d ra inage .  
N e g o t i a t i o n s  a re  c u r r e n t l y  underway t o  develop an " e q u i t a b l e "  a l l o c a t i o n  o f  t h e  
ch inook  salmon among U.S. and Canadian f ishermen.  

A  s c a l e  p a t t e r n  a n a l y s i s  s tudy  was i n i t i a t e d  i n  1981 t o  es t ima te  t h e  s tock -  
s p e c i f i c  catches i n  t h e  va r i ous  Yukon R i v e r  ch inook  salmon f i s h e r i e s  (McBride 
and Marshal 1  1983). Est imates o f  s t ock - spec i  f i c  catches f o r  Yukon R i v e r  c h i  nook 
salmon have been a v a i l a b l e  s i nce  1983 (see Brannian 1983 f o r  background 
1  i t e r a t u r e )  . Escapement sca les  o f  known o r i g i n  a re  grouped i n t o  1  owe r r i  ver ,  
m i d d l e r i v e r ,  and u p r i v e r  s tocks,  and used t o  c o n s t r u c t  a  t h r e e  way l i n e a r  
d i s c r i m i n a n t  model f o r  1.3 and 1.4 age c lasses .  Note t h a t  t h e  l owe r  and 
m i d d l e r i v e r  s tocks  a re  i n  t h e  U n i t e d  S ta tes  and t h e  u p p e r r i v e r  s t ocks  a re  i n  
Canada. The model was a p p l i e d  t o  ca t ch  sca les  f rom t h e  Alaska D i s t r i c t s  1 - 6 
and t h e  Canadian f i s h e r y .  

Brannian (1989) has used t h e  es t imates  o f  u p p e r r i v e r  ch inook  salmon catches i n  
t h e  v a r i o u s  f i s h i n g  d i s t r i c t s  t o g e t h e r  w i t h  es t imates  o f  escapement o f  t h e  
u p p e r r i v e r  p o r t i o n  o f  t h e  r u n  ( M i l l i g a n  e t  a l .  1985) t o  es t ima te  t h e  r a t e  o f  
e x p l o i t a t i o n  on t h e  u p p e r r i v e r  run .  The es t imated  r a t e s  o f  e x p l o i t a t i o n  can 
be used t o  r e c o n s t r u c t  t h e  components o f  t h e  lower ,  midd le ,  and u p p e r r i v e r  runs  
( i  .e. ca t ch  by d i s t r i c t  and escapement). The method o f  r u n  r e c o n s t r u c t i o n  
assumes t h a t  r a t e  o f  e x p l o i t a t i o n  on t h e  lower  and m i d d l e r i v e r  runs  i s  t h e  same 
as t h a t  es t ima ted  f o r  t h e  u p p e r r i v e r  r u n  i n  t h e  r e s p e c t i v e  f i s h i n g  d i s t r i c t  
(Brannian 1989). 

The r u n  r e c o n s t r u c t i o n  demonstrated t h a t  s i g n i f i c a n t  i n t e r c e p t i o n s  o f  u p p e r r i v e r  
s t ocks  occur red  i n  t h e  Alaskan f i s h e r i e s  (F i gu re  32) .  The r a t e  o f  e x p l o i t a t i o n  
by a l l  Yukon R i v e r  f i s h e r i e s  on t h e  lower ,  midd le ,  and u p p e r r i v e r  Yukon ch inook  
salmon runs  averaged 48%, 60%, and 82%, r e s p e c t i v e l y ,  f o r  t h e  yea rs  1982 - 
1986. It i s  n o t  known whether t h e  h i g h  r a t e s  o f  e x p l o i t a t i o n  on t h e  u p p e r r i v e r  
r u n  can be sus ta ined .  It i s  l i k e l y  t h a t  t h e  l owe r  and m idd le  r i v e r  ch inook  
s tocks  a re  under u t i l i z e d  and t h e  u p p e r r i v e r  ch inook s tocks  a re  o v e r - u t i l i z e d .  

The l i n e a r  d i s c r i m i n a n t  models were a p p l i e d  t o  t h e  catches i n  t h e  l owe r  r i v e r  
t e s t  f i s h e r y  t o  examine p o t e n t i a l  d i f f e r e n c e s  i n  r u n  t i m i n g  among t h e  Yukon 
R i v e r  ch inook  salmon s tocks.  The l o w e r r i v e r  ch inook  salmon s tocks  appear t o  
have an e a r l i e r  r u n  t i m i n g  than  t h e  upper and m i d d l e r i v e r  s t ocks  which have 
s i m i l a r  r u n  t i m i n g  (F i gu re  33) .  The p o t e n t i  a1 e x i s t s  f o r  imp lementa t ion  o f  more 
s t o c k - s p e c i f i c  management s t r a t e g i e s  i n  t h e  lower  r i v e r  f i s h e r y .  



South Alaska Peninsula June Fishery 

M i g r a t i n g  sockeye and chum salmon have been harves ted  i n  t h e  South Unimak and 
Shumagin I s l a n d s  f i s h e r i e s  d u r i n g  June s i n c e  1911. The chum salmon ha rves t  i s  
i n c i d e n t a l  t o  t h e  more i n t e n s e l y  managed sockeye salmon ha rves t .  Severa l  t agg ing  
s t u d i e s  conducted d u r i n g  t h e  p e r i o d  1923, 1956-1983 (Brannian 1984) have showen 
t h a t  a  s u b s t a n t i a l  f r a c t i o n  o f  t h e  sockeye and chum salmon a v a i l a b l e  t o  these  
f i s h e r i e s  were n o t  o f  l o c a l  o r i g i n .  For  chum salmon t h e  p a t t e r n  o f  t a g  
r e c o v e r i e s  i n d i c a t e d  t h a t  these  f i s h e r i e s  were i n t e r c e p t i n g  f i s h  p r i m a r i l y  o f  
western A laska o r i g i n ,  a l though  t ags  were recovered  f rom w i d e l y  d i spe rsed  areas 
th roughou t  t h e  A laska Peninsula,  Japan, t h e  U.S.S.R., B r i t i s h  Columbia, and 
Puget Sound (Brannian 1984). The p a t t e r n  o f  t a g  r e c o v e r i e s  i n d i c a t e d  t h a t  these  
f i s h e r i e s  were i n t e r c e p t i n g  p r i m a r i l y  B r i s t o l  Bay sockeye salmon w i t h  m inor  
i n t e r c e p t i o n s  o f  sockeye salmon bound f o r  No r t h  A laska Pen insu la  r i v e r  systems. 

Cons iderab le  con t rove rsy  has developed i n  r e c e n t  yea rs  over  t h e  l e v e l  o f  chum 
salmon catches i n  these  f i s h e r i e s .  Du r i ng  t h e  p e r i o d  1980 - 1987, chum salmon 
ha rves t s  i n  t h e  South Unimak and Shumagin I s l a n d s  f i s h e r i e s  have averaged 566 
thousand f i s h ,  i n c l u d i n g  a  r e c o r d  ha rves t  o f  chum salmon d u r i n g  1982 (1 .1  
m i l l i o n  f i s h )  and 1983 (784 thousand f i s h ) .  These l a r g e  catches a re  w e l l  above 
t h e  average ha rves t s  f o r  t h e  pe r i ods  1970-1979 (306 thousand f i s h )  and 1960-1969 
(186 thousand f i s h ) .  They a re  a  r e s u l t  o f  t h e  l a r g e  sockeye salmon c a t c h  quotas 
e s t a b l i s h e d  i n  response t o  inc reased  sockeye salmon r e t u r n s  t o  B r i s t o l  Bay. 
Sockeye salmon ca t ch  quotas a re  based on a  f i x e d  percentage o f  t h e  f o recas ted  
ha rves t  i n  t h e  B r i s t o l  Bay i nsho re  d i s t r i c t s .  Whi le  t h e  c u r r e n t  management 
s t r a t e g y  appears adequate t o  m a i n t a i n  a  c o n s i s t e n t  l e v e l  o f  e x p l o i t a t i o n  on 
B r i s t o l  Bay sockeye salmon, t h i s  f i s h i n g  s t r a t e g y  i s  independent o f  chum salmon 
abundance. E x p l o i t a t i o n  r a t e s  f o r  chum salmon may have reached a  l e v e l  where t h e  
i nsho re  r e t u r n s  o f  some s tocks  may be adverse ly  impacted. The p o t e n t i a l  western 
and c e n t r a l  A laska f i s h e r i e s  a f f e c t e d  by t h e  South A laska Pen insu la  June 
f i s h e r i e s  a re  shown i n  F i gu re  34. 

I n  r e c e n t  yea rs  t h e  i nsho re  r e t u r n s  o f  severa l  western Alaskan chum salmon runs,  
most n o t a b l y  Yukon R i v e r  f a l l  chum and Kotzebue Sound chums, have been l e s s  than  
expected ( B u k l i s  and Bar ton  1984, B u k l i s  1987). It i s  suspected t h a t  
i n t e r c e p t i o n s  i n  t h e  South Unimak and Shumagin I s l a n d  f i s h e r i e s  may have 
c o n t r i b u t e d  t o  these  l owe r  than  expected r e t u r n s .  Most western Alaskan chum 
salmon s tocks  a re  f u l l y  u t i l  i z e d  i n  t e rm ina l  commercial and subs is tence  
f i s h e r i e s .  It i s  imposs ib le  t o  s u s t a i n  chum salmon p r o d u c t i o n  i n  t h e  f ace  o f  
i nc reased  e x p l o i t a t i o n  i n  mar ine i n t e r c e p t i o n  f i s h e r i e s .  S ince mar ine f i s h e r i e s  
occur  b e f o r e  t e r m i n a l  ha r ves t s  each year ,  t h e  l ong - t e rm  r e s u l t  o f  i nc reased  
mar ine e x p l o i t a t i o n  i s  an i n e v i t a b l e  r e d u c t i o n  i n  ha rves t  l e v e l s  i n  t h e  
r e s p e c t i v e  t e r m i n a l  f i s h e r i e s .  However, i t  i s  imposs ib le  t o  q u a n t i f y  t h e  impact 
o f  t h e  South Unimak f i s h e r y  on western Alaskan chum p r o d u c t i o n  w i t h o u t  adequate 
knowledge o f  t h e  s t o c k  composi t ion o f  t h e  catch.  

A  comprehensive t agg ing  s tudy  was conducted i n  1987 t o  p r o v i d e  es t imates  o f  t h e  
s t ock  compos i t i on  o f  t h e  South Pen insu la  June f i s h e r y  catches (Eggers e t  a l .  
1989). The t a g g i n g  s tudy was a l s o  env i s i oned  t o  p r o v i d e  evidence f o r  
d i f f e r e n t i a l  m i g r a t o r y  t i m i n g  among s tocks  i n  t h e  South Pen insu la  f i s h e r y .  
There has been concern t h a t  Yukon f a l l  chum salmon s tocks  may be more v u l n e r a b l e  



t o  the S o u t h  Peninsula Fishery because the i r  migratory timing i s  concurrent with 
the South Peninsula fishery. 

A total  of 6,987 sockeye were tagged with 5,442 and 1,545 released in the Unimak 
and Shumagin Dis t r ic t s ,  respectively. A total  of 6,323 chum salmon were tagged 
with 3,495 and 2,828 tagged f ish released in the Unimak and Shumagin Dis t r ic t s ,  
respectively. The releases were timed t o  coincide with the timing and area 
(Figure 35) of the South Peninsula June fishery. Tagging occurred June 6 through 
Ju1.y 2 on days when the South Peninsula June fishery was closed (Figure 36). 

The stock composition of the 1987 catches of sockeye and chum salmon was 
estimated based on the release and subsequent recovery of tagged f i sh  in western 
Alaska, central Alaska, and Asian terminal fishing areas. As of September 9 ,  
1989, 1,921 or 27.5% of the total  releases of sockeye salmon tags and 843 o r  
13.3% of , the total  releases of chum salmon tags were recovered in terminal 
f i sher ies  through a voluntary recovery program. Sockeye salmon recoveries came 
s t r i c t l y  from Alaskan f isheries .  The chum salmon releases were f a r  ranging. 
Recoveries included 37 in Japanese coastal f isheries  and hatcheries, 13 in 
coastal USSR f i sher ies ,  three in Kotzebue Sound, and one in the coastal British 
Columbia fishery. 

The apportionment was based on expanded recoveries in various f isheries  
conducted in the terminal harvest areas of the respective stock of origin.  
Recoveries were expanded t o  total  return for  under-reporting of recoveries, for 
d i rec t  tagging mortality, and for delayed mortality which includes natural 
mortality and tag shedding. The re la t ive  magnitude of the expanded recoveries 
for  the respective stocks provided an estimate of the stock composition of the 
S o u t h  Peninsula June catches. The expansions to  total  returns are based on the 
best avai 1 able information on catches and escapements to  terminal harvest areas. 
The expansions for  under-reporting were based on the reported fraction from a 
concurrent fishery sampling program for  recoveries in western and central 
Alaska. Estimates of mortality and tag loss were made by f i t t i n g  the expanded 
number of recoveries t o  numbers actually released in the Unimak and Shumagin 
areas. 

Bristol Bay stocks dominated the sockeye salmon releases,  and were 83.8 and 53.7 
percent of the Unimak (Figure 37) and Shumagin releases,  respectively. The North 
Peninsula, South Peninsula, Chignik, and central Alaska ( i . e . ,  Kodiak, Cook 
In le t ,  and Prince William Sound) stocks were collectively more important in the 
Shumagin sockeye releases,  collectively contributing 46.3% of the Shumagin 
releases compared t o  16% in the Unimak releases. 

The stock composition of the chum salmon releases differed markedly from that  
of the sockeye salmon releases. There was a more diverse mixture of stocks, with 
no part icular  stock dominating the releases (Figure 38).  Tagged f ish of Asian 
origin were significant and constituted 18% of the Unimak and 44.8% of the 
Shumagin releases.  Tagged f ish of Bristol Bay origin were the most abundant 
stock in the Unimak releases, accounting for  40.0% of the releases.  Tagged f ish 
of Asian origin were the most abundant stock in the Shumagin releases,  with 
tagged f ish of Japanese coastal origin accounting for 36.5%. Of the Alaskan 
stocks, Bristol Bay and Kuskokwim stocks were most abundant in the releases,  



w i t h  t h e  combined s tocks  account ing f o r  59% and 49.9% o f  t h e  Unimak and Shumagin 
r e 1  eases, r e s p e c t  i v e l  y . 
There was 1  i t t l e  d i f f e r e n c e  i n  mean da te  o f  r e l e a s e  among r e c o v e r i e s  o f  chum 
salmon i n  v a r i o u s  western and c e n t r a l  A laska f i s h e r i e s ,  i n d i c a t i n g  t h a t  a lmost  
t o t a l  o v e r l a p  i n  t i m i n g  occurs  f o r  western and c e n t r a l  A laska chum salmon s tocks  
i n  t h e  area o f  t h e  South Peninsu la  June f i s h e r y .  

Pr ince Wi77iam Sound P ink  Salmon Fishery 

The P r i n c e  W i l l i a m  Sound (PWS) area o f  sou thcen t ra l  A laska ( F i g u r e  39) has 
suppor ted a  commercial pu rse  se ine  ha rves t  o f  p i n k  salmon s i n c e  1986. Over 900 
anadromous streams i n  PWS suppor t  p i n k  salmon popu la t i ons .  Du r i ng  t h e  p e r i o d  
1910 - 1970, ha rves t s  ranged f rom a  h i g h  o f  12 m i l l i o n  i n  1945 t o  l e s s  than  1  
thousand i n  1959. A  d ramat i c  d e c l i n e  i n  salmon s tocks  occur red  i n  PWS and 
s ta tew ide  i n  t h e  e a r l y  1970's. I n  response t o  t h i s  d e c l i n e ,  t h e  s t a t e  o f  A laska 
embarked on an aggress ive  enhancement program. An i n t e g r a l  segment o f  t h e  
enhancement program was t h e  c o n s t r u c t i o n  o f  numerous ha t che r i es ,  some o f  which 
a re  owned by  t h e  s t a t e  o f  Alaska, o the rs ,  b u i l t  and opera ted  by p r i v a t e  
n o n p r o f i t  (PNP) c o r p o r a t i o n s  w i t h  f i n a n c i n g  secured th rough  t h e  s t a t e  o f  A1 aska. 
C u r r e n t l y  t h e r e  i n  one s t a t e  o f  A laska ha tchery  (Cannery Creek) and t h r e e  PNP 
h a t c h e r i e s  (AFK, Esther ,  and Solomon Gulch) t h a t  produce p i n k  salmon o p e r a t i n g  
i n  P r i nce  W i l l i a m  Sound. A  f i f t h  hatchery ,  t h e  Main Bay ha tchery ,  i s  opera ted  
by t h e  s t a t e  o f  A laska and produces sockeye and coho salmon. By law PNP 
h a t c h e r i e s  a re  a l lowed t o  s e l l  f i s h  r e t u r n i n g  t o  t h e  ha tchery  t o  suppor t  t h e i r  
ope ra t i ons .  I n  a d d i t i o n ,  t h e  r e g i o n a l  a s s o c i a t i o n  PNP h a t c h e r i e s  a re  funded 
th rough  a  s e l f  imposed t a x  on commercial f i s h  catches.  

The f i r s t  PNP ha t che ry  began ope ra t i ons  i n  1975 i n  PWS. I n  1989 ha tchery  
p r o d u c t i o n  o f  p i n k  salmon i n  PWS i s  expected t o  be 27.5 m i l l i o n  f i s h .  T h i s  l e v e l  
o f  ha t che ry  p r o d u c t i o n  i s  expected t o  be g r e a t e r  than  w i l d  s t o c k  p r o d u c t i o n  
l e v e l s ,  except  i n  yea rs  where w i l d  s t ock  p roduc t i on  i s  e x c e p t i o n a l .  

There a re  e i g h t  f i s h i n g  d i s t r i c t s  i n  PWS (F igu re  39 ) .  The v a s t  m a j o r i t y  o f  t h e  
p i n k  salmon ha rves t s  occur  i n  t h e  purse se ine  f i s h e r y .  A l l  pu rse  se ine  ha rves t s  
a re  o f  mixed s tocks ,  and i n  r e c e n t  years  over  50% o f  t h e  p i n k  salmon ca t ch  has 
occur red  i n  t h e  Southwestern D i s t r i c t .  The Southwestern D i s t r i c t  ca t ch  i nc l udes  
a  m i x t u r e  o f  w i l d  s tocks  des t i ned  f o r  t h e  western and n o r t h e r n  p o r t i o n s  o f  PWS 
as w e l l  as ha t che ry  s t ocks  f rom t h r e e  o f  t h e  f o u r  h a t c h e r i e s  (AFK, Es ther ,  and 
Cannery Ck.). 

Management o f  t h i s  complex mixed s tock  f i s h e r y  i s  ex t reme ly  d i f f i c u l t  w i t h o u t  
t h e  a b i l i t y  t o  d i f f e r e n t i a t e  between w i l d  and ha tchery  s tocks .  Time and area 
c l osu res  a re  used t o  assure adequate w i l d  s t ock  escapements t o  n a t a l  streams and 
s u f f i c i e n t  ha t che ry  escapements f o r  brood s tock  and c o s t  r ecove ry .  There e x i s t s  
extreme v a r i a b i l i t y  i n  t h e  magnitude o f  p i n k  salmon r e t u r n s  f rom yea r  t o  yea r .  
P roduc t ion  i s  n o t  w e l l  c o r r e l a t e d  among hachery and w i l d  s tocks .  Wi thou t  
knowledge o f  t h e  ha tchery  and w i l d  s t o c k  c o n t r i b u t i o n s  t o  t h e  catches i t  i s  
a lmost  imposs ib l e  t o  e f f i c i e n t l y  manage t h e  f i s h e r y ,  such t h a t  b o t h  w i l d  s t ock  
escapement g o a l s  and ha tchery  brood s t o c k  and c o s t  recovery  requ i rements  a re  



met. There i s  g r e a t  danger of ove r -ha rves t i ng  t h e  w i l d  s tocks  i n  s i t u a t i o n s  o f  
weak w i l d  s tock  and s t r ong  ha tchery  s tock  runs .  

I n  1986 t h e  Alaska Department o f  F i s h  and Game (ADF&G) i n i t i a t e d  f e a s i  b i l  i t y  
s tudy  us ing  h a l f - l e n g t h  coded w i r e  tags  (HLCWT) t o  d i f f e r e n t i a t e  amont w i l d  
s tocks  and i n d i v i d u a l  ha tchery  s tocks  i n  t h e  PWS p i n k  salmon f i s h e r y  (Pel  t z  and 
Geiger 1989). The s tudy  was designed t o  t e s t  t h e  p r a c t i c a l i t y  o f  t agg ing  l a r g e  
number o f  p i n k  salmon w i t h  HLCWT and t o  es t ima te  t h e  ha t che ry /w i l d  s tock  
c o n t r i b u t i o n  i n  t h e  Southwestern D i s t r i c t .  A p p l i c a t i o n  o f  HLCWT was conducted 
a t  t h e  AFK, Ester ,  and Cannery Creek ha t che r i es  i n  t h e  s p r i n g  o f  1986. Over 
200,000 tags  were a p p l i e d  t o  p i n k  salmon f r y  a t  each ha tchery .  Tagging methods 
a re  desc r i bed  by P e l t z  and M i l l e r  ( i n  p ress) .  

Dur ing  J u l y  and August 1987, commercial catches o f  a d u l t  p i n k  salmon were 
sampled f o r  f i s h  w i t h o u t  adipose f i n s  (adipose f i n s  were removed a t  t h e  t ime  o f  
mark ing w i t h  HLCWT) a t  t h e  f o u r  l a r g e s t  processors o f  PWS p i n k  salmon. A t  each 
p rocess ing  f a c i l i t y  a t e c h n i c i a n  scanned as many f i s h  as p o s s i b l e  on t h e  s o r t i n g  
l i n e .  The t o t a l  number o f  f i s h  a c t u a l l y  examined f o r  m i ss i ng  adipose f i n  was 
t a l l i e d .  Those f i s h  w i t h  m iss ing  f i n s  were removed and heads were exc ised,  
f rozen,  and l a t e r  processed f o r  HLCWT. Brood s tock  r e t u r n s  a t  each ha tchery  were 
a1 so sampled f o r  marked f i s h  t o  determine t h e  r a t e  o f  mark occurrence a t  r e t u r n .  

The es t imated  ca t ch  o f  t h e  ha tchery  s tock  marked w i t h  t a g  code t (Ct) i s :  

where, xti i s  t h e  number o f  tags  recovered w i t h  code t i n  f i s h e r y ,  Ni i s  t h e  
number o f  f i s h  caught i n  f i s h e r y  i, si i s  t h e  number o f  f i s h  i n  t h e  ca t ch  o f  t h a t  
f i s h e r y  sampled f o r  HLCWT, and pt i s  t h e  p r o p o r t i o n  o f  f i s h  i n  t h e  t re l ease  
group marked w i t h  HLCWT. 

Hatchery s tocks  represented 13.7 m i l l i o n  o f  t h e  26.1 m i l l i o n  p i n k  salmon caught 
i n  1987. Hatchery s tocks  were dominant i n  t h e  Southwestern D i s t r i c t  catches 
(F igu re  40) ;  b u t  ha tchery  s tocks  were a minor  component i n  t h e  Eastern and 
Southeastern D i s t r i c t s  i n d i c a t i n g  t h e  e n t r y  o f  ha tchery  s tocks  i n t o  PWS was 
th rough t h e  Southwestern D i s t r i c t .  The s tudy  demonstrated t h a t  i t  i s  p r a c t i c a l  
t o  use ha1 f l e n g t h  coded w i r e  tags  t o  s tudy ha tchery  c o n t r i b u t i o n .  
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Figure 7. Difference between estimated return based on assigning d i s t r i c t  catches to  river systems 
terminating in the respective d i s t r i c t  and return based on allocation of d i s t r i c t  catches 
to  river of origin based on scale pattern analysis, 1986-1987. 





B R I S T O L  B A Y  

F igu re  9. Harbor P o i n t  t o  Cape Sen iav in  area (A) and Cape Sen iav in  t o  Strogonof P o i n t  area ( B )  o f  t h e  
Nor thern D i s t r i c t ,  Nor th  Alaska Peninsula F i she ry  U n i t .  A lso  shown a r e  t h e  dra inages o f  t he  
four  p r i n c i p a l  sockeye salmon s tocks (Nelson Lagoon, Bear River ,  Sandy River ,  and I l n i  k Lagoon). 



Stock Composition of Sockeye Catches i n  
North Alaska Peninsula Fishing D is t r i c ts  
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Figure 10. Stock composition, in terms of f ish originating in Bristol Bay river systems and North 

Peninsula r iver  systems, of sockeye salmon catches North Peninsula f isheries .  Catches 
from A .  the Cape Seniavin to  Strogonof Point area, and B. the Harbor Point t o  Cape 
Seniavin area. 
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JUNE JULY 

Figure 12. Ear l i es t ,  l a t e s t ,  and computer average time-of-entry curves from 
the  Chignik sockeye salmon runs based on adu l t  tagging conducted 
from 1962-1966 (frame A ) ;  and da i ly  stock composition estimated 
by SPA fo r  the  years 1978-1984 (frame B ) .  Both ,frames r e f e r  t o  the 
same r u n .  Figure taken from Marshal 1 e t  a1 . (1 987). 
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F igu re  14. The upper Cook I n l e t  area showing t h e  l o c a t i o n  o;f t he  f i s h e r i e s  and 
ma jo r  spawning dra inages o f  sockeye salmon. Se tne t  f i s h e r i e s  a r e  ( 1  ) 
Salamatof Beach, ( 2 )  Kal  i f o n s k i  Beach, (3 )  CohoeIN in i l ch i  k  Beach, 
( 4 )  West-side, and ( 5 )  Ka lg i n .  The d r i f t n e t  f i s h e r y  operates i n  t h e  
Cent ra l  D i s t r i c t .  F i gu re  taken f rom Marsha l l  e t  a1 . (1987). 



JUNE JULY 

Figure  15. Cumulative p ropo r t i on  o f  catch-per-uni t - o f - e f f o r t  i n  t he  d r i f t  f i s h e r y  
of age 1.3 sockeye salmon bound f o r  the  Kenai, K a s i l o f ,  and Susi tna 
Rivers 1979-1981. Boat-days i s  t he  u n i t  o f  e f f o r t .  F igu re  taken from 
Marshal l  e t  a l .  (1987). 
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Figure 16, The Copper-Bering Rivers area showing the locations of the  f i she r i e s  
and major sockeye salmon spawning drainages. Channels of the  Copper 
River Delta f ishing d i s t r i c t  (212-10 through 212-30) and (1)  Egg 
Island,  ( 2 )  Pete Dahl, ( 3 )  Kokinhenik, and ( 4 )  Softuk. Figure taken 
from Marshal 1 e t  a l .  (1987). 



0 DELTA/ BERING 

UPRIVER 

Figure 17. Catch-per-unit-of-effort of Upriver and Del ta  o r i g i n s  of salmon aged 1.3 i n  t h e  Copper River 
D i s t r i c t  f i s h e r y  during 1982. Boat days a r e  u n i t  of  e f f o r t .  Figure taken from Marshall e t  a l .  
(1 987).  



Figure  18. The Lynn Canal area showing the  l o c a t i o n  o f  t he  f i s h e r y  and the  
major sockeye salmon spawning drainages. F igure  taken frm 
Marshal l  e t  a l .  (1987). 
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Figure 19. Catches of sockeye salmon i n  the Lynn Canal f i s h e r y ,  1976-1989. 
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Figure 20. Representative scales  from sockeye salmon, ages 2.1, 2.2, and 
2.3 taken from the Chilkoot Lake and Chilkat Lake spawning 
areas.  



Lynn Canal Sockeye Runs 
Average 1981-1988 

Numbers d Fish (Thousands) 
35 

30 

25 

20 

15 

10 

5 

0 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 

Statistical Week 

Chilkoot Lake Chilkat Early 0 Chilkat Late 
4 

Figure  21. Run t i m i n g  through t h e  Lynn Canal f i s h e r y  averaged over  t he  years 1981-1988, f o r  Ch i l koo t ,  e a r l y  
C h i l k a t ,  and l a t e  C h i l k a t  sockeye salmon s tocks.  





Figure 23.  The Taku-Snettisham area showing the major spawning drainages f o r  
sockeye salmon in the Taku River (Kuthai Lake, Li t t le  Trapper Lake, 
Tatsamenie Lake, and the mainstem Taku River) and Snettisham area 
(Speel Lake and Crescent Lake). Figure taken From Marshal 1 e t  a1 . 
(1  987).  
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F i g u r e  24. Est imates o f  t h e  percen t  c o n t r i b u t i o n s  o f  age 1.3 and 1.2 Taku 
R i ve r  s tock  groupings t o  t h e  t r a d i t i o n a l  D i s t r i c t  111 f i she ry ,  
Canyon I s l a n d  f ishwheel  catches, and t h e  Canad,ian Taku R i ve r  
f i s h e r y ,  1986. F igu re  taken f rom McGregor and Wal ls (1987). 



Figure 25. Distr ic t  111 gi l lne t  fishing area, with subdistricts.  Shaded 
area represents the portion of the d i s t r i c t  open in the supple- 
mental fishery. Figure taken from McGregor and Walls (1987). 
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Figure 26. The transboundary Sti  kine River, major t r ibutar ies ,  and the fishery 
areas (Dis t r ic t  106, Distr ic t  108, and Canadian in-river fishery 
area).  Figure taken from Jensen and Frank (1989). 



Figure 27. Major sockeye salmon spawning drainages in the northern boundary 
area. Stock groupings include Alaska coastal lakes, Nass and 
Skeena River, and Sti kine River. 
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27 29 31 33 

STATISTICAL WEEK 

F igu re  29. M ig ra to ry  t im ing  o f  t he  Tahl tan and S t i k i n e  sockeye stock groups 
as i n d i c a t e d  by t h e  weekly p ropo r t i on  o f  t o t a l  s tock group CPUE 
i n  t he  S t i k i n e  R iver  t e s t  f i s h e r y ,  1987. F igu re  taken from Jensen 
and Frank (1987). 
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Figure 32.  Reconstruction of the run (catches in the lower, middle, and upper river fishing areas and 
escapement) for  the lower, middle, and upper river stocks of chinook salmon in the Yukon 
River. Relative area of pie charts scaled to  relat ive catch magnitude for respective area 
of the r iver  and year. Data taken from Brannian (1989). 



Figure 33. Cumulative proport ions of chinook salmon CPUE by da t e  and run 
( lower,  middle,  and upper) f o r  t he  lower Yukon River t e s t  f i s h e r y  
f o r  1982 ( t o p  panel ) and 1983 (bottom panel ).  Figure taken from 
Brannian (1 989). 
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Uninak and Shuragin Distr icts  Co~bined 

0.2 Sockeye Salmon 

Percent 0.8 

0 

Percent 0.1 

0 
6-1- 13-15-87 6-22-07 6-29-87 

Date 

Catch 

0 Tags 
Released 

Figure 36. Timing of 1987, tag releases and catches of sockeye and chum salmon in the  combined 
Unimak and Shumagin D i s t r i c t .  Figure taken from Eggers e t  a l .  (1989). 
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Western Alaska. Central Alaska. and Asia Chum Salmon Returns 
versus 

Uniarak Churn Releases 

Stock Colposit ion of Stock Composition o f  
Return Releases 

, 

Relative 
Proportion 

(percen tl 

VFK lQlKS mAY C.AK 
Fishery Unit 

Figure 38. Stock composition ( X  of total  return) of western and central Alaska chum returns versus 
stock composition ( %  of surviving re1 eases less  estimated Asian stocks) of Unimak releases 
of chum salmon, for various fishery units. Figure taken from Eggers e t  a l .  (1989). 



F i g u r e  39. The P r i nce  W i l l i a m  Sound area w i t h  f i s h i n g  d i s t r i c t  boundary l i n e s  and 
l o c a t i o n s  o f  hatchery f a c i l i t i e s .  
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Eastern 
Southeastern 

D i s t r i c t s  

Northern 
Northwestern Southwestern 

Coghi l l  D i s t r i c t  
O is t r  i c t s  

Hatchery 

1987 Prince Wil l iam Sound Catch o f  Pink Salmon 

Hatchery 13.7 
Wild Stocks 12.4 

Total  26.1 m i l l i o n  f i s h  

F i g u r e  40. Hatchery and w i l d  stock composition o f  1987 Pr ince  W i l l i a m  Sound p ink  salmon catches f o r  
Eastern and Southeastern D i s t r i c t s ;  Northern,  Northwestern, and Coghi 11 D i s t r i c t s  ; and 
Southwestern D i s t r i c t .  
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